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Method S1: Simulation of kinetically limited binding. 
, which applies similarly to many biophysical techniques, here mimicking sedimentation velocity of EGFP-IgG interaction with s-values s L = 2.6 S, s 11 = 7 S, and s 12 = 8 S. The initial concentration of ligand L tot was chosen such that equimolar concentrations of ligand and antibody would lead to substantial binding after tinc , but still far from saturation. Computations were carried out in MATLAB (Mathworks, Natick, MA). The binding experiment will follow the kinetics from which directly follows a lower limit for the apparent dissociation constant
Notably, this is independent of the true equilibrium dissociation constant. S-4 In the computer simulations Figure S3 and Figure S4 for the bivalent system conducted over a large concentration range, we find K D,app to satisfy the expected relationship, being 2-4fold above the lower limit.
S-5 = 11.4 pM for 10,000 sec incubation, and 10.1 pM for 20,000 sec incubation, respectively.
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Figure S5: Simulated binding data after dilution of pre-incubated equimolar stock with short incubation. For reference, repeated are the titration data from Figure S3 for constant 1 nM or 0.1 nM ligand, respectively, titrated with various concentrations of mAb (solid blue circles, and red line the best-fit impostor equilibrium isotherm). New, shown in magenta, are binding signals from experiments where a 100 pM equimolar mixture is preincubated for 1 hour (magenta stars) or 2 hours (green triangles), followed by dilution to various equimolar final concentrations and relaxation for 100 sec before measurement. Similarly, in green are binding signals at a lower, 10 pM equimolar mixture, pre-incubated for 1 hour (green stars) or 2 hours (green triangles), followed by dilution to various equimolar final concentrations and relaxed for 100 sec. Panel A: k on = 10 6 M -1 sec -1 ; Panel B: k on = 10 7 M -1 sec -1 .
None of the experiments with the pre-equilibrated mixture has sufficient time to relax to the final dilution during the experiment time. The discrepancy between the dilution and titration isotherm signifies the impostor non-equilibrium analysis.
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Figure S6: Simulated binding data after dilution of pre-incubated equimolar stock with long incubation. For reference, repeated are the titration data from Figure S4 for constant 10 pM ligand titrated with various concentrations of mAb (solid blue circles, and red line the best-fit impostor equilibrium isotherm). New, shown in magenta, are binding signals from experiments where a 100 pM equimolar mixture is pre-incubated for 1 hour (magenta stars) or 2 hours (magenta triangles), followed by dilution to various equimolar final concentrations and relaxation for 10,000 sec before measurement. Similarly, in green are binding signals at a lower, 10 pM equimolar mixture, preincubated for 1 hour (green stars) or 2 hours (green triangles), followed by dilution to various equimolar final concentrations and relaxed for 10,000 sec. Panel A: k on = 10 6 M -1 sec -1 ; Panel B: k on = 10 7 M -1 sec -1 .
In Panel A, the pre-equilibrated mixture at 100 pM has attained equilibrium (magenta), but cannot relax in the given time to the new equilibrium after dilution. By contrast, the 10 pM mixture has not yet reached equilibrium (difference between green triangles and stars for 1 or 2 hours pre-equilibration), and its dilution to different experimental concentrations is far from equilibrium. In Panel B, the pre-equilibrated stock mixture has attained equilibrium in both cases (both arriving at similar saturation of the complex), but the dilution time is still not sufficient to allow the final binding data to reflect true equilibrium. However, here similar fraction bound are obtained at final 10 pM equimolar concentration for the direct titration and both pre-equilibration/dilution experiments. This is an indication that the binding experiment is close to equilibrium, with binding constants K D,app nearly identical to the true K D . Under the given experimental conditions, at k on = 10 8 M -1 sec -1 , equilibrium is practically achieved in all titration and dilution configurations (data not shown).
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Figure S7: Surface plasmon resonance biosensor experiment of EGFP binding to immobilized mAb.
SPR biosensor binding experiments were performed in a Biacore 3000 (GE Healthcare, Piscataway, NJ) with a sensor chip CM5. Anti-GFP mAb (50 µg/ml at pH 5.5 in acetate buffer) was immobilized on the sensor surface using standard amine coupling procedures 1 to a level of 570 RU. Phosphate saline buffer containing 0.005% P20 was the running buffer, at a flow rate of 5 µl/min. A concentration series of EGFP (0.03, 0.10, 0.30, 1.0, 3.0, 10, 30 and 100 nM) prepared in the running buffer were injected in each cycle of the method. Binding was observed for 20 min, followed by a long dissociation phase of 2 h in order to maximize the measured dissociation. Reversible surface regeneration was achieved with a 1 min injection of 10 mM Glycine-HCl at pH 1.8. Data analysis was performed in EVILFIT 2 with both a discrete single site model and surface site distribution model. Panel A: SPR binding data at different concentrations (blue to green) and best-fit binding kinetics predicted by pseudo-first-order kinetics (red lines) as expected for an immobilized monoclonal IgG binding soluble antigen. Panel B: Same data as in (A), and best-fit binding kinetics predicted by a model for a continuous distribution of sites with different affinity and rate constants shown in (C) (red lines). Panel C: Calculated distribution of binding sites with different affinity and kinetic rate constants. The color contour is scaled such as to show higher population of sites by higher color temperature, as indicated by the color bar. The circles are grid points in the calculation of the distribution, the grey vertical lines indicate experimental concentrations used, and the horizontal grey lines indicate the highest and lowest koff that is well-determined by the data (based on the delay from the onset of dissociation to the first data point in the dissociation phase, and the total observation time in the dissociation phase).
